Results Some changes tend to occur earlier than others but changes can occur at almost any time in the course of dementia.
Conclusions
The natural history of behaviour changes in Alzheimer's disease shows great individual variation although some changes tend to follow a recognisable sequence.
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The profusion of behavioural and psychiatric changes occurring during the course of dementia are of clinical and practical importance as they may distress both patients and carers, often precipitating institutionalisation. Reisberg and colleagues suggested that dementia can be divided into stages, with behavioural and psychiatric changes predominating in Stage 6 (severe cognitive decline; Reisberg et al, 1982) . Several cross-sectional studies failed to find significant correlation between behavioural disturbance and cognitive impairment. There have been a few prospective longitudinal studies (e.g. Stem et al, 1994; Teri et al, 1995; Swearer et al, 1996 ; Devanand et al, 1997) but none comprehensively recorded such changes until death. The present longitudinal study covered a range of behavioural and psychiatric changes in 100 people throughout the course of dementia, with diagnoses confirmed by autopsy. The aim of this paper is to examine in depth a subgroup of 48 with a pathological diagnosis of pure Alzheimer's disease.
M E T H O D

Recruitment of subjects
Subjects were recruited through local general practitioners, community psychiatric nurses and consultant old-age psychiatrists. The criteria for referral were:
(a) patients of any age in whom a diagnosis of dementia had been made; (b) patients living at home with a carer (e.g. spouse, daughter, son) able to give information about the patient.
Exclusion criteria included other contributory causes of dementia such as Pick's disease, Parkinson's disease, a history of heavy alcohol intake before suffering from Alzheimer's disease, or a serious head injury. Of the 177 subjects who were referred to the study, ten were rejected because the carer was not a good enough informant, 17 carers or subjects decided not to take part and another 46 subjects did not fulfil the inclusion criteria. One hundred and four entered the study. Four subjects were later excluded because, although at the first assessment they were thought to be suffering from early dementia, subsequently they did not deteriorate cognitively. The complete cohort is therefore 100 subjects. Behaviour of this group at the point of entry to the study has been reported previously (Hope et al, 1997a,b) .
Assessment of behavioural and psychiatric changes
Behavioural and psychiatric changes were assessed using the Present Behavioural Examination (PBE; Hope & Fairburn, 1992) , which was administered to the carer of the subject with dementia. The PBE is an investigator-based, semi-structured interview which covers, in detail, the mental state and behaviour of subjects over the previous four weeks. It consists of eight main sections: mental health; activity disturbances (e.g. wandering); abnormal eating; diurnal rhythm disturbance; aggressive behaviour; abnormal sexual behaviour; incontinence; and additional behavioural abnormalities not classified elsewhere. Studies of its test-retest and interrater reliabilities have shown that it is extremely reliable in use (Hope & Fairburn, 1992) . The interview was repeated every four months and the subjects' cognitive ability was assessed at the same time, using the Mini-Mental State Examination (MMSE; Folstein et al, 1975) . Approximately a year after entry to the study, an additional interview was carried out with the original carer -the Past Behavioural History Interview (PBHI; details available from the author upon request). These questions were based on those of the PBE but related to changes in behaviour from the onset of the first symptoms of dementia. Data from this interview were used in this study only if evidence for the severity and duration of the type of behaviour was well substantiated and supported by positive ratings from the PBE.
Consent for entry into the study was given by the carer or next-of-kin and, when appropriate, by the subject.
Fifteen types of behaviour and psychiatric change were selected prior to analysis, on the basis of their clinical importance and a prior; likelihood of their being related to the disease process. Some items were based on a single question in the PBE and others were amalgamations of items to produce a Patterns of behavioural and psychiatric wider concept. The items used are listed changes were classified as shown in in Table 1 . The onset and disappearance Figure 1 .
of each item was rated from its first appearUsing data for people about whom ance to the last positive rating.
information covered more than one year, or who were followed until death, the ClassiQing patterns of behaviour above analyses were compared (a) with and psychiatric channes those of the remaining subjects and (b) be-
The natural history of behaviour is reported for the 48 people who had a pathological diagnosis of Alzheimer's disease and for whom data on behaviour changes had been prospectively collected for at least one year. The majority of items were rated on a seven-point frequency scale (from 0 to 6), depending on the proportion of days on which the behaviour occurred. The pattern of onset and disappearance of each type of behaviour and psychiamc change was recorded. An 'episode', for a particular type of behaviour, was defined as a sequence of consecutive positive ratings. An episode tween those with a pathological or clinical diagnosis of Alzheimer's disease alone and those with other diagnoses. Clinical diagnosis of Alzheimer's disease was made using the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria (McKham et al, 1984) and pathological diagnosis according to Consortium to Establish a Registry for Alzheimer's Disease criteria (Mirra et al, 1991) . This study was approved by the local research ethics committee.
was only rated if the change was persistent or severe. Isolated occurrences of a beStatistics haviour type (i.e. a single rating of 1 on Data were analysed using SPSS for the seven-point scale) were not, therefore, Windows 6.1. Median was used in preferrated as episodes.
ence to mean where ratings were not normally distributed. Exploratory multivariate analyses were carried out using factor analysis, with cluster analysis and elementary linkage analyses to test reliability. This method was similar to that used with the point-of-entry data (Hope et al, 1 9 9 7~) .
RESULTS
Characteristics of the complete subject group
Initially, all 100 subjects were living at home with a carer, from whom the information about behaviour was collected. For those who subsequently went into an institution, the principal carer or keyworker was interviewed. Fifty-one of the subjects were men. The age range at recruitment was 60-95 years (median=mean=78 years; interquartile range (IQR)=73-83 and post-mortem examination confirmed a diagnosis of Alzheimer's disease.) Although the commonly accepted cut-off point for dementia is an Mh4SE score of 24, four subjects who scored >24 at point of entry were included because other clinical evidence suggested that they were in the early stages of dementia. Their subsequent cognitive decline confirmed the diagnosis.
The subset with autopsyconfirmed Alzheimer's disease
The following results are based on the 48 people with a pathological diagnosis of pure Alzheimer's disease and with information spanning at least one year. However, their clinical diagnoses at study entry were: Alzheimer's disease, 32 subjects; vascular dementia, five; and mixed Alzheimer's and vascular dementia, 11. Mean follow-up period was 3.2 years (s.d. 1.82, range 0.33-8.7). Data were collected, prospectively from study entry until death.
Prevalence and pattern of behavioural and psychiatric changes Table 2 shows the prevalence of each change over the whole course of dementia and the patterns of episodes of behaviour and psychiatric changes illustrated in Figure 1 . Table 2 also presents the mean interval from the first symptoms of dementia to the onset of each type of behaviour, and the mean length of time between onset of this behaviour and death. Some changes, once they appear, characteristically persist until death: for example, hypophagia, verbal aggression, aggressive resistance and physical aggression. Other changes appear as a single discrete episode and are not usually present at death: for example, hyperphagia, walking more and being brought back home. None of the behavioural and psychiatric items applied to the subjects before their illness, and no behaviour change persisted from onset of dementia until death.
Relationship between MMSE, and behavioural or psychiatric changes Table 3 shows the median (and IQR) of the Mh4SE score at onset and disappearance of each behavioural and psychiatric change. Although there is a variation in the median Mh4SE scores at onset and disappearance of each change, the individual variation is so great that it is not possible to rank them or to define a stage when they could be predicted to appear. Table 3 shows the median duration of episodes (and IQR) and total duration over which each change occurred (i.e. the period from onset of the first episode to finish of the last episode). Most behavioural and psychiatric changes appear as a single episode which typically persists for a year or more. The total number of behaviour changes or psychiatric changes in an individual were normally distributed, with a mean of 8.2 (s.d. 3.27) changes (this is an underestimate as missing data were excluded). Everyone showed at least two changes at some stage in their illness, with a maximum of 14 out of the 15 selected variables. There is no robust relationship between the time of onset of behaviour change and the relationship to MMSE, the time since onset of dementia or the time of death.
The results of factor analysis of these variables is shown in Table 4 .
The factors from the longitudinal data were similar but not identical to those of the point-of-entry data (Hope et al, 1 9 9 7~) .
Hypophagia, being brought back home, and verbal aggression were not strongly associated with other variables.
Comparison of the 48 people with autopsy-conf irmed pure Alzheimer's disease and the rest of the cohort of 100
A comparison was made between (a) those with a pathological diagnosis of Alzheimer's disease and the rest of the cohort of 100 subjects and (b) those with a clinical or pathological diagnosis of pure Alzheimer's disease and the rest of the cohort. The purpose was to ascertain whether the results based on those with were used to compare gender ratio, age at onset, age at death, length of illness, time in an institution, MMSE at study entry, and at death. For both sets of comparisons, there were no significant differences (as multiple comparisons were being made P=0.01 was taken as the level of significance). For the 15 types of behaviour or psychiatric change, comparisons were made for timing of onset or disappearance of the type before death, MMSE at onset and disappearance, pattern of changes, duration of episodes and total duration from first onset to final disappearance. The only significant difference found in these analyses was for verbal aggression, comparing a diagnosis of Alzheimer's disease (clinical or pathological) with 'other' diagnoses. In the 'other diagnosis' group, verbal aggression was more likely to continue nearer to the time of death (t-test for independent samples: t=4.16; P < 0.0001 ).
DISCUSSION
A sample of 100 people with dementia (clinically diagnosed as either Alzheimer's disease or vascular dementia), who were living with a suitable carer in the community, was recruited. The cohort seemed to be unbiased, as the distribution of social class based on occupation was similar to that found in the population as a whole (Hope et al, 19976) .
Data on the behavioural and psychiatric disturbances and cognitive state of these subjects were collected every four months until death (in the majority of s u b jects). Data are reported for the 48 people with a pathological diagnosis of pure Alzheimer's disease who were studied for at least one year. Comparison was made between this group and the rest of the cohort.
Strengths of the study
The main strength of the study is that behavioural and psychiatric data were collected prospectively and diagnosis was confirmed by post-mortem examination. Another strength is the detailed assessment instrument used to assess behavioural and psychiatric changes. The PBE investigates many more types of behaviour change than other widely-used instruments such as BE-HAVE-AD (Reisberg et al, 1987) . as well as rating their frequency. In addition, the frequency of both behavioural and cognitive assessments (every four months) and the length of the study (over nine years, so that most subjects have been followed until death) have enabled us to provide a comprehensive account of the behavioural and psychiatric changes which occur during the course of dementia. This study is also unusual because most subjects were recruited through primary care from a sample of people living in the community. All data, throughout the study, were collected by the same two trained interviewers, who visited the carers and subjects in their own homes, thus providing more detailed information than studies using telephone or chart review (Reisberg et al, 1987; Becker et al, 1994) .
Limitations of the study and problems in interpreting the data
The main weakness of this study is that the assessment of behaviour depended on carers' reports, and (although we have no evidence of this) it might be influenced by the carer's emotional state. In addition, over the course of the study the carers of many of the subjects changed. To try to overcome the problems of carer variation, behavioural items of the PBE are well defined, and ratings based on objective criteria. Apparent changes are also likely to be influenced by a change of environment such as from home to an institution (Drachman et al, 1992) , or changes in medication. However, we found hyperphagia was unrelated to medication (Keene & Hope, 1997) , as was the onset of aggressive behaviour.
A major difficulty in studying the natural history of dementia is how to define the 'degree of dementia'. There are three main methods. The first is by time since onset of dementia, but pin-pointing disease onset is difficult and unreliable. The second is by dating events retrospectively from time of death, but as death can occur at any stage of the illness, time before death does not give a good measure of the degree of dementia. The third method is by cognitive ability, for example the MMSE score. A disadvantage of using the MMSE is the 'floor effect', when subjects have a score of zero for several years despite progressive cognitive decline. However, of the three methods this latter is the least problematic.
Behaviour and MMSE
This longitudinal study enabled us to show that some types of behaviour and psychiatric change tend to occur earlier in the course of dementia (as defined by MMSE score) than others, but there is very wide variation between individuals.
The great heterogeneity in the relationship between cognitive impairment and behavioural changes suggests that the behavioural changes are not solely secondary to cognitive impairment (Gilley et al, 1991) . One possible explanation for this is that the behaviour disturbance is due to specific imbalances in neurotransmission which are not themselves closely related to the cognitive decline (Esiri, 1996) .
Relationship of changes to diagnosis
This is the first study to report the time of onset and disappearance of a large number of behavioural and psychiatric changes and to determine their course in detail. It is also the first study to report prospectively on behavioural and psychiatric changes in a group of pure Alzheimer's disease cases with diagnosis confirmed by autopsy. The results show that in most people each change was present as a single defined episode which might or might not persist until death. Fewer than 14% of people who rated positively had more than a single episode. The data do not support the view that behavioural and psychiatric changes occur predominantly at one late stage of the dementing illness (Stage 6) (Reisberg et al, 1982 occurred over a very wide range of levels of cognitive impairment. Some changes tended to occur earlier (i.e. at higher MMSE scores) than others, but there was such variation between individuals that no robust timing of onset of a specific type of behavioural and psychiamc change was apparent. Although the data presented here apply to those with a pathological diagnosis of Alzheimer's disease, the data were not significantly different from those for the rest of the cohort (numbers were too small to examine a group with dementia which was solely vascular in origin). Of those with autopsy-confirmed pure Alzheimer's disease, 33% had been given a different clinical diagnosis (i.e. vascular dementia, or mixed Alzheimer's and vascular dementia). Therefore, it is likely that the majority of the cohort who were not examined pathologically also had pure Alzheimer's disease. This could account for the similarity of changes.
The results of the exploratory multivariate analysis were broadly similar to those of the point-of-entry study (Hope et al, 1997~) . A few items were associated with these factors in this longitudinal study but not in the point-of-entry (cross-sectional) study; for example, hyperphagia is one element of the 'overactivity factor' (see Table 4 ). One interpretation of this is that hyperphagia at one time, is associated with overactivity at another time (Keene & Hope, 1997) . A possible cause of such association is that the brain damage underlying hyperphagia is different from, but temporally related to, the damage underlying overactivity.
Clinical importance of these results
Knowledge of the likely duration of episodes of a specific behaviour may be useful in helping to decide when to stop medication for the treatment of that behaviour; for example, episodes of physical aggression last less than 10 months in 25% of those with symptoms. Therefore, if a trial without treatment was instituted every 10 months for patients with physical aggression, then 25% of them would not have the index problem any more. Given the desirability of reducing neuroleptic prescription to the minimum necessary (McShane et al, 1997), it could be argued that such ma1 withdrawals of medication should be routinely considered. Taking this argument further, inspection of the data for the 25th centiles of duration for each behaviour (Table 3) suggests that, if one had to pick a single figure for the length of time before proceeding to a ma1 without medication, it should be eight months.
